We introduce a new experimental method to measure the local electromagnetic density of states (LDOS) by integrating the differential scattering cross section. The signal detected essentially reflects the intrinsic scattering response of the photonic structures and renders the partial LDOS dominated by evanescent modes. We give a theoretical understanding of the LDOS image formation and show a qualitative agreement between experimental images and theoretical maps. This approach can be practically applied to the direct measurement of an optical antenna's scattering efficiency and can provide valuable information for designing optimum structures utilized in radiative decay engineering. Characterization of the LDOS usually results from indirect measurements, typically issued from fluorescence lifetime data [6] . However, from numerical simulations and by analogy with electron tunneling a relationship between electromagnetic LDOS and images obtained by scanning near-field optical microscopy (SNOM) was identified [7] [8] [9] . This was experimentally demonstrated for a near-field tip closely acting as a pointlike source [10] . The eigenstates of semiconductor quantum dots and metallic nanostructures were also mapped by near-field techniques [11, 12] . Experimental images are plagued by the quality of the near-field tip, which often differs from an ideal illuminating dipole. Additionally, theoretical approaches unifying the LDOS and SNOM images are neglecting cross-coupling mechanisms between the tip and the structure itself.
The electromagnetic local density of states (LDOS) uniquely describes the available optical eigenmodes in which photons can exist at a specific spatial location. The LDOS description is therefore central to the understanding and control of various quantum optical phenomena. The radiative decay rate of spontaneous emission for instance is strongly affected by tailored environments. Dipolar emission was shown to be strongly modified by photonic crystals with vanishing LDOS [1] , by high-quality factor microcavities [2] , and by the excitation of surface plasmons in metallic surfaces and particles. Engineering the local environment of an emitter, i.e., modifying the electromagnetic LDOS is thus essential in diverse applications ranging from advanced biolabeling [3] , improved optical antennas for solar energy harvesting [4] , and surface-active sensoring [5] .
Characterization of the LDOS usually results from indirect measurements, typically issued from fluorescence lifetime data [6] . However, from numerical simulations and by analogy with electron tunneling a relationship between electromagnetic LDOS and images obtained by scanning near-field optical microscopy (SNOM) was identified [7] [8] [9] . This was experimentally demonstrated for a near-field tip closely acting as a pointlike source [10] . The eigenstates of semiconductor quantum dots and metallic nanostructures were also mapped by near-field techniques [11, 12] . Experimental images are plagued by the quality of the near-field tip, which often differs from an ideal illuminating dipole. Additionally, theoretical approaches unifying the LDOS and SNOM images are neglecting cross-coupling mechanisms between the tip and the structure itself.
In this Letter, we propose a far-field apparatus to qualitatively measure the optical LDOS of a structure by a partial integration of the differential scattering cross section associated with the object's evanescent modes. This is achieved by efficient Fourier filtering of the illumination wave vectors. We demonstrate our approach on well-known optical corrals and stadiums and show an encouraging agreement between theoretical LDOS maps and experimental images.
At the angular frequency , the partial LDOS j ͑r , ͒ (j = x, y, or z) of an object at a point r = ͑x , y , z͒ is correlated to a specific orientation of a dipolar source and dictates how the dipole field radiates [13] . This exact property was used in [10] , whereby j ͑r͒ was obtained by measuring the variation of the transmitted intensity emitted from a nearfield tip influenced by an object, an approach analogous to a differential transmission measurement. Our method is different and relies on the effective discrimination of the illumination contribution from the total intensity detected. Our scheme retains only the contribution of scattered evanescent optical modes created by the object.
A complete measurement of the LDOS is possible only if all the modes allowed by the structures are excited and if the detection is integrated over a large solid angle [8] . The underlying principle of our approach tries to partially fulfill these two requirements as outlined schematically in Fig. 1 . Our illumination consists of a 0.65 numerical aperture (N.A.) lens focused on the object plane. As the result of excitation, the scattered field consists of a wave-vector distribution dictated by the diffracting characteristics of the object, i.e., its differential scattering cross section. For small spherical particles compared to the wavelength, the scattered wave-vector spectrum is broad and contains both propagative and evanescent components and is independent of the illumination direction. However, the presence of an interface and for particles differing from perfect spheres, an oblique illumination is more likely to excite modes with different symmetries [14] . We note that for a dipole emitting close to an interface, and at first approximation for small metal nanoparticles near resonance, the energy is principally emitted in the denser medium at the critical angle c and backward scattering can be neglected [15] . Furthermore, the propagative and evanescent components of the scattered signal are angularly separated in the glass substrate by c ͑N.A.= 1͒. We use a 1.45 oil-immersion collection objective to retrieve the forward scattered contributions. To discriminate the illumination, a beam stop placed at the Fourier plane removes the part of the light angularly distributed below c . The beam stop effectively filters homogeneous components originating from the scatterer as well as the complete illumination contribution. The filtering retains only evanescent modes with wave vectors corresponding to the opening of the objective. Finally, a confocal pinhole defines a diffraction-limited detection area at the object plane. The diameter of the illumination region is estimated at ϳ600 nm and the detection spot at ϳ270 nm for an excitation wavelength = 633 nm. These two spots spatially overlap at the object plane. The object is then laterally scanned through these foci, and the object's scattering response is recorded for each position to reconstruct a two-dimensional image of the local scattering cross section of the evanescent modes.
To validate our approach we fabricated well-known objects and compared our experimental images with calculated LDOS. The first sample is an optical structure analogous to electronic quantum corrals [13] . The optical corral is constituted of 18 identical 50 nm thick gold nanoparticles fabricated by standard electron beam lithography. The diameter of the nanoparticles and corral are 70 nm and 2.5 m, respectively. Figures 2(a)-2(c) show three-dimensional experimental views mimicking the steplike construction of the corral. The image was obtained at = 633 nm with a circular illumination polarization. In the images, a bright contrast corresponds to an increased scattered intensity. Concentric rings surrounding individual particles as well as an increased signal at the location of particles are recognized as typical LDOS signatures [13] . Figure 2(d) is the distribution issued from the completed corral. We observe a significant modulation of the detected signal inside the corral. Note that at the center of the corral the particles are approximately 2 m away from the illumination area. The internal concentric rings have a 350 nm ͑ϳ /2͒ period suggesting a significant angular emission close to c .
Following the full multiple scattering formalism [13] , we calculated the total LDOS ͑r͒ 100 nm above the corral in Fig. 2(e) . The correlation between the modulation of ͑r͒ and the experiment is outlined by the cross sections shown in 2(f). The experimental data (circles) are offset for clarity. Despite a nonideal excitation, i.e., a finite spectrum of wave vectors and a nonideal detection, i.e., partial integration of the differential cross section, 2(d) is in qualitative agreement with the pattern of the calculated LDOS. The agreement indicates that the most dominant modes of the corral are excited and detected by our approach. We note however that the experimental patterns are very sensitive to the focusing of the illumination and collection objectives.
To have better insight in the mechanism of LDOS reconstruction, we analyze the image formation of our setup using the reciprocity theorem [16] . The theorem implies that the signal recorded with the setup of 1 is strictly equivalent to the signal measured when the illumination and detection positions are exchanged. Therefore, we numerically consider the reciprocal system in which the sample is illuminated isotropically from the substrate by an N.A. = 1.45 with an incoherent source having both TE and TM polarizations [16] . Figure 3(a) represents the square modulus of the electric field ͉E x ͉ 2 calculated 100 nm above a 4 m ϫ 2 m stadium constituted of 34 gold nanoparticles ͑ = 532 nm͒. The intensity distribution of the electric field reproduces the main features, notably the inside modulations, of the calculated projected LDOS x ͑r͒ shown in Fig. 3(b) . The partial x ͑r͒ was obtained by orienting a pointlike dipolar source along the x direction [8] . We note that ͉E y ͉ 2 (not shown) also reproduces the y ͑r͒ pattern of Fig. 3(d) so that inserting a polarizer in the initial (nonreciprocal) setup should reproduce the projected LDOS with respect to the polarizer orientation. Good agreement between the two calculated quantities indicates that the reciprocal illumination efficiently excites the dominant modes of the structure. By using the reciprocity, we can therefore argue that these modes can be efficiently collected by the 1.45 N.A. objective in the nonreciprocal experimental setup. Following a similar argumentation, the insertion of a 0.65 N.A. objective limits the Fourier spectrum detected in the reciprocal system and the illumination spectrum in Fig. 1 . However, to demonstrate that for spherical nanoparticule arrangements the filtering does not significantly impact the agreement of our data with the projected LDOS, we experimentally studied the stadium for two incident polarizations using the nonreciprocal setup of Fig. 1 . Figure  3(c) shows the distribution for a polarization oriented along the major axis. The inner features reproduces the modulation of x ͑r͒. Some discrepancies are visible at the location of the nanoparticles, indicating that some higher-order modes are not excited or detected. These results are similar to near-field images of [10] and suggest that, for this type of arrangement and structures, a significant number of modes can be excited by our approach. To quantify the amount of relative projected LDOS on the detected signal we recorded the scattered intensity for an incident polarization oriented along the minor axis for two analyzer orientations. The main features of Fig. 3(d) , i.e., y ͑r͒, are again well reproduced for a parallel analyzer, notably the positions and shapes of the stadium's foci as shown in Fig. 3(e) . Figure 3(f) shows the image obtained for an orthogonal analyzer. Despite a weaker signal, the shape of the modulations indicated that we have to account for a small portion of x ͑r͒ in the detected signal. Comparing the relative scattered intensities maxima, the detected information is the linear superposition of approximately 0.95 ʈ ͑r͒ + 0.05 Ќ ͑r͒, where the labels ʈ and Ќ stand for parallel and perpendicular to the incident polarization, respectively. We neglected the out-of-plane z ͑r͒ because of the relatively small longitudinal depolarization of the 0.65 N.A. lens.
We conclude that the local density of electromagnetic states can be qualitatively imaged without introducing external dipolelike emitters providing that the more significant modes of the object can be excited by the scattered wave-vector spectrum. While our approach remains diffraction limited, we believe it can be routinely applied to compare the scattering response of tailored environments.
